We developed a miniaturized laparoscopic zoom camera that is 17 mm long, has >4X optical zoom, and works under 300 lux. This camera is suitable for advancing minimally invasive surgery. Demonstration surgery (cholecystectomy) was performed. To further improve patient recovery, recent innovations in MIS continue to minimize the total number of skin incisions required during a procedure [3, 4] . The laparoscope is the vision system and is composed of a straight, rigid tube about 12-15 inches long and about 10 mm diameter. The laparoscope takes up one incision to provide live video inside the abdominal cavity. Moreover, since laparoscopes lack autofocusing capability, they are designed to have very long depth-of-focus, requiring strong illumination (~20,000 lux). The only way to provide such a strong illumination is from an external light source delivered to the laparoscope through a thick optical fiber bundle. If there is a novel miniature zoom camera that can be mounted on teh abdominal wall, the number of incisions can be greatly reduced. To reduce number of incisions, we developed a novel miniaturized laparoscopic zoom camera that (1) can be mounted onto the internal surface of the abdominal wall, (2) has optical zoom and autofocus capability, and (3) does not require strong external lighting. A conceptual demonstrating the usage of such camera during surgery is shown in Figure 1 (a) . Zoom capability is essential since surgeons need the ability to see wide views of organs to provide spatial orientation and anatomical context, as well as close up views when operating on the tiny substructures of organs. To eliminate external lighting, the optical system should be fast enough so that it can operate under internal light emitting diode (LED) lighting with few thousand lux. These criteria are hard to meet with optical systems designed from traditional optical lenses. The key technology that we used is fluidic lens, an optical lens that can change its curvature just like the human crystalline lens. Because fluidic lens can easily switch between concave/convex lens and has ultra wide tuning range (> 200D [5]), a zoom lens can be constructed by placing two a1955_1.pdf
Minimally invasive surgery (MIS) is now the standard of care for most appendectomy, gastric bypass, gallbladder removal, and several others [1] . It is a surgical technique where a 3-5 small "keyhole" incisions are made on the body as opposed to open surgery, Figure 1 (a) and (b). Due to the small incisions made in MIS, patients recover faster with fewer complications [2] with nearly invisible scars. To further improve patient recovery, recent innovations in MIS continue to minimize the total number of skin incisions required during a procedure [3, 4] . The laparoscope is the vision system and is composed of a straight, rigid tube about 12-15 inches long and about 10 mm diameter. The laparoscope takes up one incision to provide live video inside the abdominal cavity. Moreover, since laparoscopes lack autofocusing capability, they are designed to have very long depth-of-focus, requiring strong illumination (~20,000 lux). The only way to provide such a strong illumination is from an external light source delivered to the laparoscope through a thick optical fiber bundle. If there is a novel miniature zoom camera that can be mounted on teh abdominal wall, the number of incisions can be greatly reduced. To reduce number of incisions, we developed a novel miniaturized laparoscopic zoom camera that (1) can be mounted onto the internal surface of the abdominal wall, (2) has optical zoom and autofocus capability, and (3) does not require strong external lighting. A conceptual demonstrating the usage of such camera during surgery is shown in Figure 1 (a). Zoom capability is essential since surgeons need the ability to see wide views of organs to provide spatial orientation and anatomical context, as well as close up views when operating on the tiny substructures of organs. To eliminate external lighting, the optical system should be fast enough so that it can operate under internal light emitting diode (LED) lighting with few thousand lux. These criteria are hard to meet with optical systems designed from traditional optical lenses. The key technology that we used is fluidic lens, an optical lens that can change its curvature just like the human crystalline lens. Because fluidic lens can easily switch between concave/convex lens and has ultra wide tuning range (> 200D [5] ), a zoom lens can be constructed by placing two a1955_1.pdf
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CTuD6.pdf 978-1-55752-890-2/10/$26.00 ©2010 IEEE fluidic lenses back-to-back. Continuous optical zoom can be achieved by tuning both lenses to adjust the effective focal length while maintaining the back focal length.
Such system was designed and simulated with ZEMAX, an optical ray tracing software. Due to the large tuning range of the fluidic lens, >4X optical zoom is achieved in a total track length of 17 mm, which is difficult to achieve with conventional zoom lenses made of rigid lenses. The lens view of this design is shown in Figure 2 (a) . The much faster optical system allows internal LED lighting, eliminating the need for external lighting through a fiber bundle. After the design and the fabrication of the miniaturized zoom camera, it was integrated into a complete laparoscopic camera with electronic transmission, LED lighting, and actuators.
Since gallbladder removal surgery account for nearly 50% of all abdominal laparoscopic surgeries, it was performed relying solely on the video from fluidic lens laparoscopic zoom camera to demonstrate the functionality of the camera. First, an incision is made and the camera is inserted into the abdomen. Then, the camera was mounted on the abdominal wall. The abdominal cavity is then insufflated with CO 2 gas to 15 mmHg. This creates the small working space required for operation. At the start of the operation, the miniature zoom lens is zoomed out so that the surgeons can locate the gallbladder, which is located under the liver. With this view, the surgeons located and reflected the liver to expose the gallbladder, Figure 2 (b-1) ~ (b-2) . With the gallbladder exposed, the miniature zoom camera is then zoomed in to see the fine details on the organs and a harmonic scalpel, an instrument that can simultaneously cut and coagulate tissue, is used to separate the gallbladder from the liver, as shown in Figure 2 (b-3) . The images are zoomed in but the camera did not change its location. In Figure 2 (b-4), we can see that the gallbladder is separated from the liver. The zoomed in view helps surgeons visually verify that the critical parts of the organ were already cut and only attachments are left. The zooming function of the miniaturized fluidic zoom camera allows for a surgery with the camera mounted on the abdominal wall. To summarize, with fluidic lenses, we developed a miniature zoom lens that is very small but have very large optical zoom. Because of the wide tuning range of bio-inspired fluidic lens, the miniature zoom lens also have working distance from infinity to 2 cm. All these are difficult to achieve with traditional optical lenses. Furthemore, because the camera is much faster than traditional laparoscopes, external lighting is eliminated. Finally, the funcitonality of the miniature zoom len is demonstrated with gallbladder removal surgery.
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